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REVERSE ROTATION CAPACITY MODULATION 
Ronald L. Shimon 
Tecumseh Products Company 
Tecumseh, Michigan 
ABSTRACT 
The more notable capacity modulation approaches have been induction motor variable speed 
compressors, permanent magnet variable speed compressors, multiple compressors, two-speed 
compressors, and various gas management innovations. This paper investigates the latest thinking 
in capacity modulation, one-way clutch eccentrics on reversing crankshafts, and other capacity 
modulation technology's effect on system performance. 
INTRODUCTION 
Capacity modulation in reciprocating compressors has typically been accomplished by 
cylinder unloading, varying the speed of the compressor, or varying the number of compressors. 
Although not a new concept, the use of a one-way clutch eccentric on a reversing crankshaft to idle 
a cylinder has received recent attention. Regardless of the method used, capacity modulation has 
a profound effect on system efficiency and the ability of the system to provide occupant comfort. 
This paper examines the effect of two-step capacity modulation on the theoretical cooling 
performance of a system. 
METHODOLOGY 
For purposes of analysis, the operation of a compressor with two-step capacity modulation 
was assumed to be approximated by the performance curves of two compressors, one of 'full' 
capacity and the other of 'hal:f capacity. References to' half-capacity' and 'full-capacity' are for 
the compressor and not the system. Compressors used in this analysis were reciprocating 
compressors with an EER of 10.7 at th'? ARI rating point. 
A theoretical system was arbitrarily assumed to operate at the following design conditions 




45 op (7 .2 °C) 
130 op (54.4 °C) 
Evaporator air quantity 
Evaporator air temperature 
Condenser ambient temperature 
Sensible heat ratio 
400 cfmlton (0.054 Lis per watt) 
80 °F (26. 7 °C) @ 50 % relative humidity 
95 °F (35 °C) 
0.70. 
References to 'design' values are at these conditions. 
System balance points were determined for load points with evaporator air of 7 5 and 80 op 
(23.9 and 26.7 °C) and 50% relative humidity (chosen to correspond to the human comfort range 
for cooling); and 80 and 100 °F (26.7 and 37.8 °C) condenser ambient air with both compressors. 
The model for the system balance is based on the following: 
Constant temperature-rise/initial-temperature-difference ratio condenser, 
Constant wet-bulb depression ratio evaporator, 
Evaporator manufacturer's factors for adjustment of capacity for inlet WB I 
refrigerant temperature difference. 
Also, the model excludes power consumption and capacity loss from the fan motor(s). Thus, 
efficiencies expressed are for the compressor only. 
DISCUSSION 
Efficiency (EER), evaporator temperature, condenser temperature, and latent capacity are 
plotted versus percentage of design total capacity in the Figures that follow. The first observation 
is that when the compressor capacity is reduced by one-half, the system capacity is reduced by about 
one-third. This follows the system designers' rule-of-thumb that changing compressor capacity on 
a given system results in a system capacity change that is about half of the compressor capacity 
change. A second observation is that the total capacity range within the comfort limits of evaporator 
entering air for either full or half capacity compressor is a little less than 10 % of the nominal full 
load capacity. 
As shown in Figure 1, capacity modulation does yield high efficiency at the reduced capacity 
operation. At a given set of operating conditions the efficiency with the half-capacity compressor 
is 40 - 50 %higher than with the full-capacity compressor. The actual difference in efficiency would 
depend on the particular compressor's operating curve. 
Figures 2 and 3 show expected evaporator and condenser temperatures over the range of 
operation selected. 
Figure 4 shows the system latent cooling capacity. Examination of this curve reveals what 
is given up for the efficiency gain from the use of capacity modulation. The loss of one-third of the 
system total capacity due to the half-capacity compressor is accompanied by a loss of two-thirds of 
the latent capacity. 
Reduction oflatent capacity is further demonstrated in Figure 5. This Figure shows the effect 
of cycling operation in both full- and half-capacity modes. At total load conditions that would be 
58 
satisfied by half-capacity operation, cycling in the full-capacity mode yields nearly twice the latent 
capacity. 
Generally, the lack of latent capacity at light load is a shortcoming in air conditioning 
systems; and applications where light load dehumidifying is critical require special attention to the 
evaporator and evaporator air management. Compressor capacity modulation exacerbates this 
shortcoming. 
CONCLUSION 
Theoretical analysis shows that use of compressors with capacity modulation of full and half 
capacity provide system capacity modulation of full, and approximately two-thirds capacity. 
Operation in the reduced capacity mode yields 40 - 50 % higher efficiency as compared to cyclic 
operation in the full capacity mode to achieve the same total capacity. This increase in efficiency 
is accompanied by alloss of about half of the latent cooling capacity under these same conditions. 
Special consideration needs to be given the use of compressors with capacity modulation where light 
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